In previously reported mutational studies on MIP-1, which shares 68 % sequence identity with MIP-1, the N-loop and the 40's loop of MIP-1were proposed to be important for the binding to CCR5 (Laurence et al., 2000; Laurence et al., 2001; Bondue et al., 2002; Proudfoot et al., 2003) . V59 and V63, in the C-terminal helix, were identified as the residues in close proximity to CCR5 in the previously reported methyl-directed TCS experiments (Yoshiura et al., 2010) , although the overall binding mode was unknown. The N-loop, the 40's loop, and the C-terminal helix are included in the binding interface determined by the present TCS experiments (Fig. 2) . For V50 and V63, only one of the amide and methyl groups were affected by irradiation in the TCS experiments with CCR5-rHDL ( Fig. 2) , probably because the others are further away from the surface and thus the saturation is not efficiently transferred.
A two-step/two-site binding model has been proposed for the interaction between chemokines and chemokine receptors (Crump et al., 1997) , and we have previously provided structural evidence that supports this model in the SDF-1-CXCR4 interaction (Kofuku et al., 2009 ). In this model, two independent interactions are hypothesized as follows: multiple regions throughout the chemokine interact with the extracellular region of the chemokine receptor, and subsequently the chemokine N terminus interacts with the chemokine receptor transmembrane region to trigger receptor activation. In the case of CCR5 and MIP-1, the N-terminus of MIP-1 was proposed to only marginally contribute to the stabilization of the complex, because the N-terminal deletion mutant of MIP-1 can inhibit CCR5 with an inhibition constant similar to that of the wild type (Laurence et al., 2000) . Therefore, they would exist in equilibrium between the major 1st step and the minor 2nd step, and the 1st step would be observed in the present TCS experiments. This is consistent with the TCS results, in which the RR values of most of the N-terminus residues were < 0.1 (Fig. 2) .
Crystal structures of other chemokine-chemokine receptor complexes, CXCR4-vMIPII and US28-CX3CL1, have recently been solved (Burg et al., 2015; Qin et al., 2015) . In these structures, residues on the -sheet and the N-loop region of the chemokines are close to the chemokine receptors, as well as the CCR1-MIP-1 and CCR5-MIP-1 complexes. In contrast, the -helix region around the residues corresponding to V59 of MIP-1, which are only involved in the CCR5-binding site, is not close to the chemokine receptors in these crystal structures. In the case of MIP-1, the -helix region may bind to the N-terminal region of CCR5 that corresponds to the 
